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The asymmetric unit of the title compound, {[CoGd 2 (C 5 H 2 - 
N 2 0 4 ) 2 (S0 4 ) 2 (H 2 0) 4 ]-H 2 0}„, contains one Co 11 ion, two Gd m 
ions, two imidazole-4,5-dicarboxylate ligands, two S0 4 2_ 
anions, four coordinated water molecules and one uncoordi- 
nated water molecule. The Co 11 ion is six-coordinated by two 
O atoms from two coordinated water molecules, as well as two 
O atoms and two N atoms from two imidazole -4,5-dicarboxyl- 
ate ligands, giving a slightly distorted octahedral geometry. 
Both Gd 111 ions are eight-coordinated in a distorted bicapped 
trigonal-prismatic geometry. One Gd 111 ion is coordinated by 
four O atoms from two imidazole -4,5-dicarboxylate ligands, 
three O atoms from three S0 4 2 ~ anions and a water O atom; 
the other Gd m ion is bonded to five O atoms from three 
imidazole-4,5-dicarboxylate ligands, two O atoms from two 
S0 4 2 ~ anions as well as a water O atom. These metal 
coordination units are connected by bridging imidazole-4,5- 
dicarboxylate and sulfate ligands, generating a heterometallic 
layer parallel to the ac plane. The layers are stacked along the 
b axis via N-H- ■ O, O-H- ■ O, and C-H- ■ O hydrogen- 
bonding interactions, generating a three-dimensional frame- 
work. 

Related literature 

For applications of lanthanide-transition metal heterometallic 
complexes with bridging multifunctional organic ligands, see: 
Cheng et al. (2006); Kuang et al. (2007); Sun et al. (2006); Zhu 
et al. (2010). 




Experimental 

Crystal data 

[CoGd 2 (C 5 H 2 N 2 0 4 ) 2 (S0 4 ) 2 - 

(H 2 0) 4 ]H 2 0 
M r = 963.82 
Triclinic, PI 
a = 9.0916 (5) A 
b = 10.7714 (6) A 
c = 12.9736 (7) A 
a = 93.119 (1)° 

Data collection 

Bruker APEXI1 area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.284, r m „ = 0.378 

Refinement 

R[F 2 > 2a(F 2 )] = 0.022 

wR(F 2 ) = 0.054 

S = 1.02 

4208 reflections 

397 parameters 

17 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 96.416 (1)° 
y = 108.840 (1)° 
V= 1189.35 (11) A 3 
Z = 2 

Mo Ka radiation 
jit = 6.48 mm -1 
T = 296 K 

0.20 x 0.18 x 0.15 mm 



6174 measured reflections 
4208 independent reflections 
3790 reflections with / > 2a(I) 
R iM = 0.016 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.79 e A~ 3 

Aa™ = -0.81 e A~ 3 



D-H-A 




£>-H 


H- ■ A 


D-A 


D-H-A 


Nl-Hl-Ol' 




0.87 (4) 


1.96 (4) 


2.820 (5) 


172 (5) 


oiw-mw- ■ 


05W" 


0.81 (4) 


1.95 (3) 


2.745 (5) 


169 (6) 


N3-H2-014'" 


0.87 (3) 


1.93 (3) 


2.787 (4) 


169 (4) 


02W-H3W- ■ 


or 


0.80 (3) 


2.09 (4) 


2.878 (5) 


171 (5) 


02W-H4W- ■ 


014' 


0.81 (4) 


2.04 (4) 


2.842 (5) 


172 (5) 


02W-H4W- ■ 


015' 


0.81 (4) 
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3.035 (5) 


123 (4) 


03W-H5W- ■ 
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1.89 (5) 
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138 


Symmetry codes: (i) 
-x + l,-y+Z, -z; (v) 
-x + 1, -y, -z + 1. 


x — 1, y, z\ 


(ii) x + 1, y + 1, z; (iii) x,y 
-1,-z; (vi) -i + l, + 


+ 1, z; (iv) 
z + 1; (vii) 
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Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 

The author acknowledges South China Normal University 
for supporting this work. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HP2018). 
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Poly[[tetraaqua(/'4-imidazole-4,5-dicarboxylato)(/'3-imidazole-4,5-dicarboxylato)-/ / 3-sulfato-/'2- 
sulfato-cobalt(II)digadolinium(III)] monohydrate] 

L.-C. Zhu 
Comment 

In the past few years, lanthanide-transition metal heterometallic complexs with bridging multifunctionnal organic ligands are 
of increasing interest, not only because of their impressive topological structures, but also due to their versatile applications 
in ion exchange, magnetism, bimetallic catalysis and luminescent probe(Cheng et ah, 2006; Kuang et ah, 2007; Sun et 
ah, 2006; Zhu et ah, 2010). As an extension of this research, the structure of the title compound, a new heterometallic 
coordination polymer, (I), has been determined which is presented in this artcle. 

The asymmetric unite of the title compound (Fig. 1), contains one Co 11 ion, two Gd 111 ions, two imidazole-4, 5-di- 

7 IT 

carboxylate ligands, two SO4 " anions, four coordinated water molecules and one uncoordinated water molecule. The Co 
ion is six-coordinated with two O atoms from two coordinated water molecules, two O atoms and two N atoms from two 
imidazole-4, 5-dicarboxylate ligands, giving a slightly distorted octahedral geometry. Both Gd 111 ions are eight-coordinated 

in a bicapped trigonal prismatic coordination geometry. One Gd 111 ion is coordinated by four O atoms from two imidazole- 

2 III 
4,5-dicarboxylate ligands, three O atoms from three SO4 " anions and one water molecule; the other Gd ion is bonded to 

o 

five O atoms from three imidazole-4, 5-dicarboxylate ligands, two O atoms from two SO4 " anions as well as one coordin- 
ated water molecule. These metal coordination units are connected by bridging imidazole-4, 5-dicarboxylate and sulfate lig- 
ands, generating a two-dimensional heterometallic layer. The two-dimensional layers are stacked along b axis via N — H-O, 
O — H - O, and C — H-O hydrogen-bonding interactions to generate the three-dimensional framework(Table 1 and Fig. 2). 

Experimental 

A mixture of CoSO 4 .7H 2 O(0.141 g, 0.5 mmol), Gd 2 O 3 (0.09 g, 0.25 mmol), imidazole-4,5-dicarboxylic acid (0.156 g, 1 
mmol), and H 2 0(7 ml) was sealed in a 20 ml Teflon-lined reaction vessel at 443 K for 5 days then slowly cooled to room 
temperature. The product was collected by fdtration, washed with water and air-dried. Red block crystals suitable for X-ray 
analysis were obtained. 

Refinement 

H atoms bonded to C atoms were positioned geometrically and refined as riding, with C — H = 0.93 A and J/i S0 (H) = 1.2 
U e q(C). H atoms bonded to N atoms and H atoms of water molecules were found from difference Fourier maps and refined 
isotropically with a restraint of N— H = 0.87 A, O— H = 0.82 or 0.86 A and E/ iso (H) = 1.5 t/ eq (N, O). 
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Figures 




Fig. 1 . The molecular structure showing the atomic-numbering scheme and displacement el- 
lipsoids drawn at the 30% probability level. Symmetry codes: (A) 2 - x, 1 - y, 1 - z; (B) 1 - x, 1 
-y, 1 - z; (C) 1 - x, 1 - y, -z. 



Fig. 2. A view of the three-dimensional structure of the title compound, the hydrogen bonding 
interactions showed as broken lines. 



Poly[[tetraaqua(u4-imidazole-4,5-dicarboxylato)(u3-imidazole-4,5- dicarboxylato)-U3-sulfato-U2-sulfato- 
cobalt(ll)digadolinium(lll)] monohydrate] 



Crystal data 

[CoGd2(C5H 2 N 2 04)2(S04)2(H20)4]-H 2 0 
M r = 963.82 

Triclinic, PI 
Hall symbol: -P 1 
a = 9.0916 (5) A 
b= 10.7714 (6) A 
c= 12.9736(7) A 
a = 93.119(l)° 
(3 = 96.416 (1)° 
y= 108.840 (1)° 

F= 1189.35 (11) A 3 



Z = 2 

P(000) = 914 

D x = 2.691 MgnT 3 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 4033 reflections 
6 = 2.4-27.9° 

H = 6.48 mnT 1 
7=296K 
Block, red 

0.20 x 0.18 x 0.15 mm 



Data collection 



Bruker APEXII area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and co scan 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.284, J max = 0.378 
6174 measured reflections 



4208 independent reflections 

3790 reflections with / > 2o(7) 
i( int = 0.016 

©max = 25.2°, 6 m i n = 1 .6° 

/i = -10->8 

ifc = —9 — >12 
/=-14-»15 
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Refinement 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = \l[a 2 (F 2 ) + (0.0292P) 2 + 0.3497P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.002 

Ap ma x = 0.79eA" 3 
Ap mi „ = -0.81eA" 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Gdl 


0.90952 (2) 


0.549083 (19) 


0.364770 (14) 


0.01526 (7) 


Gd2 


0.37043 (2) 


0.410578 (19) 


0.108204 (14) 


0.01441 (7) 


Col 


0.35411 (7) 


0.78823 (6) 


0.27426 (4) 


0.01829 (13) 


SI 


0.92233 (13) 


0.22231 (10) 


0.40357 (8) 


0.0196 (2) 


S2 


0.77447 (12) 


0.42234 (10) 


0.09511 (7) 


0.0157 (2) 


CI 


0.7564 (5) 


0.3980 (4) 


0.5774 (3) 


0.0152 (9) 


C2 


0.5906 (5) 


0.3349 (4) 


0.5377 (3) 


0.0175 (9) 


C3 


0.3614(5) 


0.1987 (4) 


0.5498 (3) 


0.0224 (10) 


H3 


0.2790 


0.1358 


0.5738 


0.027* 


C4 


0.4925 (5) 


0.3440 (4) 


0.4526 (3) 


0.0176 (9) 


C5 


0.5166 (5) 


0.4170 (4) 


0.3574 (3) 


0.0179 (9) 


C6 


0.5196 (5) 


0.6976 (4) 


0.1215 (3) 


0.0183 (9) 


C7 


0.5717(5) 


0.8417 (4) 


0.1198 (3) 


0.0198 (9) 


C8 


0.5810(6) 


1.0356 (4) 


0.1824 (3) 


0.0262 (11) 


H8 


0.5656 


1.1038 


0.2221 


0.031* 


C9 


0.6687 (5) 


0.9312 (4) 


0.0646 (3) 


0.0212 (10) 


CIO 


0.7527 (5) 


0.9224 (4) 


-0.0265 (3) 


0.0253 (10) 



Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.022 

wR(F 2 ) = 0.054 

S= 1.02 

4208 reflections 
397 parameters 
17 restraints 
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Atomic displacement parameters (A 2 ) 
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109.20 (11) 


C 1 0 — 0 1 1 — Gd2" 


159.9 (3) 


S2— OB— Gd2" 


144.17(19) 


S2— 015— Gdl 


141.6 (2) 


S2— OI6— Gd2 


142.69 (18) 


Gdl— OIW— H1W 


130 (4) 


Gdl— OIW— H2W 


104 (4) 


H1W— OIW— H2W 


108 (3) 


Gd2— 02W— H3W 


122 (4) 


Gd2— 02W— H4W 


127 (3) 


H3W— 02W— H4W 


108 (3) 


Col— 03W— H5W 


120 (4) 


Col— 03W— H6W 


121 (4) 


H5W— 03W— H6W 


102 (3) 


Col— 04W— H7W 


121 (4) 


Col— 04W— H8W 


113(4) 


H7W— 04W— H8W 


104 (3) 


H9W— 05W— H10W 


110(3) 



(iii) -x+1, -y+l, -z+1. 
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Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D—H-A 


Nl— Hl-Ol' v 


0.87 (4) 


1.96(4) 


2.820 (5) 


172 (5) 


01W— H1W-05W V 


0.81 (4) 


1.95 (3) 


2.745 (5) 


169 (6) 


N3— H2-014 vi 


0.87 (3) 


1.93 (3) 


2.787 (4) 


169 (4) 


02W— H3W-01 iv 


0.80 (3) 


2.09 (4) 


2.878 (5) 


171 (5) 


02W— H4W-014 iv 


0.81 (4) 


2.04 (4) 


2.842 (5) 


172 (5) 


02W— H4W-015 iv 


0.81 (4) 


2.52 (4) 


3.035 (5) 


123 (4) 


03W— H5W-012™ 


0.82 (3) 


1.95 (4) 


2.734 (4) 


162 (5) 


03W— H6W-014" 


0.83 (3) 


2.41 (4) 


2.919 (4) 


120 (3) 


04W— H7W-03 m 


0.82 (3) 


2.49 (3) 


3.306 (6) 


174 (6) 


04W— H8W-05W vi 


0.82 (5) 


1.89 (5) 


2.700 (6) 


175 (6) 


05W— H9W-012" 


0.85 (4) 


1.99 (4) 


2.797 (6) 


161 (5) 


05W— H10W-Ol iv 


0.85 (5) 


1.93 (5) 


2.728 (5) 


157 (6) 


C3— H3-03™ 


0.93 


2.44 


3.193 (5) 


138. 


Symmetry codes: (iv)x-l,j>, z; (v)x+1,j>+1, 


z;(vi)x,jH-l,z;(vii) 


-x+\, -y+2, -z; (ii) 


-x+1, -y+\, -z; (iii) 


-x+1, -y+\, -z+1; (viii) 



-x+1, -y, -z+1. 
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